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Magnetic design of small-aperture dipoles ;
of the shell and block type '7‘

G. Sabbi, FNAL

Choice of design parameters
Shell vs. Block type design:
- conductor efficiency
- field quality
Two-in-one: yoke diameter requirement
for horizontal vs. vertical layout
Conclusions
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Aperture requirement

SSC: 40 - 50 mm LHC: 50 - 56 mm
VLHC: 5030 mm?

Charge: Guided by the snowmass ‘96 paramete
set, explore and develop innovative concepts th
will result 1n significant cost reductions.
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Critical current density
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Choice of design parameters: conductor efficiency

Ratioofcoilareafor3 cm vws 2 cm aperture
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Based on intersecting ellipses model
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Design parameters
Coil aperture ; 30 mm
Coil width ; 27 mm
Coil layout ; shell/block
No. of layers ; 3
Maximum field 12 T (Je(12T, 4.2K)=2 kAN
13 T (Jo(12T, 4.2K)=3 kA/;
Geom. Harmonics : <10%* @ lcm
Stress (Lorentz) < 100 MPa
Magrets for a Very Luge Hadvon Collidar
Prrt Jafferson, Hovenher 1518, 1995 bittp:Hararar final goviprojects hag/hfinivs_brliviavzraphs hbwl Magretic desizn of s wall
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Shell type design: cable parameters

Strand diameter mimn 0.75
Cu/Sc ratio 1:1
No. of strands 24
Area of superconductor i’ 5.301
Cable width (bare) ITim 9.0
Cable mid-thickness (bare) mim 1.35
Keystone angle deg 1.8
Transposition length mm 120
Compaction (area) %o 88.3
Compaction (inner edge) % 80
Compaction (outer edge) % 100
Radial insulation mim 0.150
Azimuthal insulation mim 0.120
gﬁﬁ&eﬁ;::,?of:’nﬁ: i{mggﬁﬂ http fararer fral goviprojects hegfhfinhes _brlAnieerzraphs hbml Magretic desizn of small
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Shell-type design: coil cross-section

a L di] 20 40 80 |l

- 3 layer, 6 block design - Optimized with F
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Shell-type design: coil cross-section

Title:

fatsiind govifle sicodehgyhin idesico =300ort 10 (Portrait A 4)
Crestor:

HIGZ Yersion 1.23/07

Prewieswm: .
Thiz EPS pidurewas not saved
with & previewincluded in i.
Camm ent:

This EPS pidurewillpintto a
PostS oript printer, but not to
other types of printers.

- 3 layer, 6 block design - Optimized with F

Magrets for a Very Lage Hadvon Colider
Port Jeffeson, Novenber 16-15, 1938 bty Sararer fral zovipeojects heg/hfinfas _bnlvisarzraphs homl Mazretc design of small

Slide 9 of 29

http://magnets.rhic.bnl.gov/VLHC111698/sabbi/sld009.htm _ 8/24/00



PPT Slide

Page 1 of 1

Block type design: cable parameters

Strand diameter mm - 0.75
Cu/Scratio 1:1
No. of strands 24
Area of superconductor mm’ 5.301
Cable width (bare) mimn 9.0
Cable mid-thickness (bare) mim 1.35
Keystone angle deg 0.0
Transposition length mim 120
Compaction (area) % 88.3
Compaction (inner edge) % S0
Compaction (outer edge) % 90
Radial insulation 1T 0.150
Azimuthal insulation i 0.120
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Block-type design: coil cross-section
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- 3 layer, 6 block design - Optimized with R
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Block-type design: coil cross-section
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50 mm bore, 2 layer shell type dipole design

- FNAL/LBL/KEK collaboration
- Cross section from FNAL TD-98-035
- Optimi zation work still underway (last update Oc
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50 mm bore dipole, 2 layer, shell type design

- FNAL/LBL/KEK collaboration
- Cross section from FNAL TD-98-035

- Optimization work still underway (last update O
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Short sample performance/conductor efficiency

Parameter Umit | Shell Block | 50 mn
SC area (1 quadrant) | mm® | 196 212 398
| Je(12T, 4.2K) = 2 kA/mm°
I, kA | 10.1  10.1 18.0
B, T | 11.9 120 | 129
B (layer 1) T 122 122 | 132
B™* (layer 3) T 6.2 53
Je(12T, 4.2K) = 3 kA/mm°
I, kA | 11.0  11.1 19.4
BY,, T 13.0  13.1 13.9
B™#) (layer 1) T | 133 133 | 142
B™#) (layer 3) T 6.8 5.8
Iﬁrﬁﬁﬁ'ﬁiiﬁ&ﬁi Fmgggﬂ n Ity fararve fhal gov/projects heghinses_boliviayzraphs html Magretic design of s all
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Energy and forces

http://magnets.rhic.bnl.gov/VLHC111698/sabbi/sld016.htm

Parameter Unit | Shell |Block| 50
Operating current kA 10.2 | 10.1 | 1¢
Stored energy MlI/m | 035 | 041 | O.
Inductance mHm | 6.7 | 8.0 5
-2XF, (1 quadrant) MN/m | 0.9 | 0.8 1
¥F, (1 quadrant) MN/m | 2.0 | 2.3 3
Stress (@/y, 1¥layer) | MPa | 86 28 1
Stress (D/y, 2™ layer)| MPa 84 36 7

Magrets fbra Very Lage Hadvon Colider
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Geometric harmonics

10% @ lem
Component Shell  Block | 50 mm

b; 0.1 -0.1 0.0

bs 0.3 0.3 -0.1

b, 0.7 0.6 0.0

by 0.6 -0.8 0.1

by, 2.9 1.2 0.0

by 3 -0.5 0.2 0.0
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Random errors

Random block displacement simulation using ROXIE
Shell: +/- 50 pm radial/azzmuthal displacements
Block: +/- 50 pm hornizontal/vertical displacements

P /RN
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Random errors

Random block displacement simulation using ROXIFE

Shell: +/- 50 pum radial/azzmuthal displacements
Block: +/- 50 um horizontal/vertical displacements
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Random errors

10
——Shell - 30 mm
’ ~=—Block - 30 mm
kff“‘ ——Shell - 50 mm
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- No longitudinal averaging - Magnetic measuremg
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Horizontal two-in-one layout
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Horizontal two-in-one layout
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Vertical two-in-one layout
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Vertical two-in-one layout
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Transfer function for 40 cm yoke diameter

Bfl vs beam separation (yoke 0.D=40 ¢m)
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Transfer function for 50 cm yoke diameter

B vs beam separation (yoke 0.D.=50 c¢m)
T/KA Low current BA=1.19 TKA
| S e T
110 Fromemmmeenonnenoes BT e B IR B
! e s E
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Next steps

- Field quality: further optimize geometric harmony
evaluate magnetic measurement accuracy.

- End field quality (in particular for block type des:

- Mechanical parameters for conductor groups in tl
end regions (for shell type design).
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Conclusions

- 30 mm bore dipole with 12-13 T design ficld
using Nb3Sn conductor at 4.2 K allows substan
savings in superconductor wrt 50 mm bore mag
with same design parameters.

- For these design parameters, shell and block de
are substantially equivalent in terms of conduct
efficiency and ficld quality.

- Vertical arrangement of the two apertures requi
50% larger yoke radius wrt horizontal arrangen
in order to achieve same transfer function.
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